Membrane integration of the second transmembrane segment of band 3 requires a closely apposed preceding signal-anchor sequence.
We have investigated the topogenic rules of multispanning membrane proteins using erythrocyte band 3. Here, the fine structural requirements for the correct disposition of its second transmembrane segment (TM2) were assessed. We made fusion proteins where TM1 and the loop sequence preceding TM2 were changed and fused to prolactin. They were expressed in a cell-free system supplemented with rough microsomal membrane, and their topologies on the membrane were assessed by protease sensitivity and N-glycosylation. TM1 was demonstrated to be a signal-anchor sequence that mediates translocation of the downstream portion, and thus TM2 should be responsible to halt the translocation to acquire TM topology. When the loop between TM1 and TM2 was elongated, however, TM2 was readily translocated through the membrane and not integrated. For the membrane integration of TM2, TM2 must be in close proximity to TM1. The TM1 can be replaced with another signal-anchor sequence with a long hydrophobic segment but not with a signal sequence with shorter hydrophobic stretch. The length of the hydrophobic segment affected final topology of TM2. We concluded that the two TM segments work synergistically within the translocon to acquire the correct topology and that the length of the preceding signal sequence is critical for stable transmembrane assembly of TM2. We propose that direct interaction among the TM segments is one of the critical factors for the transmembrane topogenesis of multispanning membrane proteins.